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© Laser generating apparatus. 

© A laser light source (21 A - 21 N) in which a 
couple of light beams (LA, LB) whose shapes are re- 
formed and whose polarizing planes are made per- 
pendicular to each other are synthesized by a beam 
splitter (32) and then the synthesized light is incident 

fig: 5 



on an optical guide through a predetermined optical 
system, thereby generating the synthesized light 
(LL) having a short spot diameter and an improved 
power density. 
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Field of the Invention 

The present invention generally relates to laser 
generating apparatus, and more particularly, is di- 
rected to an end pumped solid-state laser and 
pumping source thereof. 

Description of the Prior Art 

Conventionally, a laser light source is em- 
ployed in order to efficiently pump or excite a 
solid-state laser. 

More specifically, in a prior-art side pumping 
method where a laser light source is pumped from 
a side face of a solid state laser rod such as 
Nd:YAG as shown in FIG. 1, a light resonator is 
composed of respective side faces of, for example, 
a cylindrical laser medium or laser rod 1 . From the 
laser light source, a pumping or exciting light L1 is 
incident in the direction perpendicular to an axis 0 
of the light resonator, that is, onto the side face of 
the laser rod 1 . 

The above-mentioned structure provides a 
wider area which is irradiated with the pumping 
light L1, whereby the whole light quantity of the 
pumping light L1 incident to the laser rod 1 can be 
correspondingly augmented, so that a laser light LO 
having a large light intensity as a whole can be 
emitted from the laser rod 1. However, the side 
pumping method is difficult to obtain a laser light 
LO of a spot of short diameter. 

For this reason, an end pumping method is 
employed for obtaining a laser light of a short spot 
diameter, where an pumping light L2 is incident to 
a laser rod 3 from the end face thereof to pump the 
same, as shown in FIG. 2. More specifically, mir- 
rors 4, 5 are disposed in the vicinity of respective 
end faces of the laser rod 3, whereby a light 
resonator is formed as a whole for a laser light LO 
emitted from the laser rod 3. 

Further, the mirror 4 selectively transmits the 
pumping light L2, while the mirror 5 transmits a 
part of the laser light LO and reflects the rest of the 
same, whereby the pumping light L2 is incident on 
one end face of the laser rod 3 through the mirror 
4 to pump or excite the laser rod 3. The laser light 
LO resonated by the light resonator composed of 
the mirrors 4, 5 is emitted through the mirror 5. 

With the above structure, a region of the laser 
rod 3 on which the pumping light L2 is incident is 
pumped, whereby a laser light is induced and then 
emitted from this pumped region. It is therefore 
possible to generate a laser light LO of a short spot 
diameter by reducing the beam diameter of the 
pumping light L2. Thus, a light beam emitted, for 
example, from a laser diode is incident to an end 
face of a laser rod as a pumping light to thereby 
generate a desired laser light LO from the laser rod. 



For generating a laser light LO with a short 
beam diameter and a large light quantity by pump- 
ing a laser rod with a pumping light by the end 
pumping method, it is necessary to pump the laser 

5 rod 3 with a pumping light L2 having a short beam 
diameter and a large light quantity, that is, a pump- 
ing light L2 having a large power density. 

However, the laser diode can merely generate 
a light beam having approximately 1 W at present, 

10 and therefore it is a future problem how to enhance 
the intensity of the pumping light. 

Though the end pumping method can generate 
the laser light LO of a short spot diameter, it cannot 
efficiently pump a laser rod, thereby presenting a 

75 difficulty in enhancing the intensity of the laser light 
LO. 

There has been proposed as one of solutions 
for this problem a method of generating a pumping 
light having a large light quantity by using an 

20 optical fiber bundle 7 as illustrated in FIG. 3 
(OPTICS LETTERS/Vol. 13, No. 4/April 1988, pp 
306 - 308, Fiber-bundle coupled, end pumped 
Nd:YAG laser). 

More specifically, light beams emitted from la- 

25 ser diodes 8A - 8N are led to respective optical 
fibers constituting the fiber optics bundle 7 to 
thereby guide and converge the light beams from 
the laser diodes 8A - 8N by means of the fiber 
optics bundle 7. Then, a pumping light L3, which is 

30 appropriately converged for pumping a laser rod 
12, is generated through lenses 9 and 10. The 
laser rod 12 is formed with a mirror surface on one 
end face thereof on the side of the fiber optics 
bundle 7 for selectively transmitting the pumping 

35 light L3, thereby forming an optical resonator by 
the end face having the mirror surface and a mirror 
5. 

Since the light beams emitted from the laser 
diodes 8A - 8N are converged by the fiber optics 

40 bundle 7, the light quantity of the pumping light L3 
is enhanced. Thus, if the light beams from a plural- 
ity of the high-output laser diodes are converged 
by the fiber optics bundle 7 to generate the pump- 
ing light L3, a laser light having a short spot 

45 diameter and a high light intensity can be emitted. 

On the other hand, a high-output laser diode 
features in a large stripe width which may be, for 
example, 100 urn. For delivering a light beam 
outputted from such a laser diode to an optical 

50 fiber, it is necessary to employ an optical fiber 
having a diameter larger than the stripe width of 
the high-output laser diode, which is required by an 
optical coupling. As the result, the whole diameter 
of the fiber optics bundle 7 becomes larger, which 

55 leads to increase the beam diameter of the pump- 
ing light L3 outputted from the fiber optics bundle 
7. Thus, the pumping light L3 having a large light 
intensity is provided, whereas the spot diameter of 
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the pumping light L3 is larger, thereby presenting a 
difficulty in improving the power density. 

Although a laser light having a large light inten- 
sity can be generated by applying the pumping 
light L3 to the end pumping method, the spot 
diameter of the laser light pumped by the pumping 
light L3 becomes larger corresponding to the spot 
diameter thereof. 

OBJECTS AND SUMMARY OF THE PRESENT 
INVENTION 

It is a first object of the present invention to 
provide a laser light source exhibiting a high power 
density. 

It is another object of the present invention to 
provide a laser light source having a short spot 
diameter. 

It is a further object of the present invention to 
provide a solid-state laser exhibiting a high power 
density by using the above-mentioned laser light 
source. 

. It is an additional object of the present inven- 
tion to provide a solid-state laser having a short 
spot diameter by using the above-mentioned laser 
light source. 

The present invention is directed to an end- 
pumped sotid-state laser and a laser light source 
for its pumping, wherein a couple of optical beams 
having respective beam shapes re-formed and po- 
larizing planes arranged perpendicular to each oth- 
er are synthesized by a polarizing beam splitter 
and thereafter led to an optical guide such as an 
optical fiber through a predetermined optical sys- 
tem, thereby generating a synthesized light having 
a short spot diameter and an improved power 
density and providing an end-pumped solid-state 
laser by pumping a laser by this synthesized light. 

More specifically, to solve the problems men- 
tioned above, the present invention provides a laser 
light source comprising first and second light sour- 
ces for emitting first and second light beams re- 
spectively having a predetermined polarizing plane, 
first beam shape re-form means for re-forming the 
beam shape of the first light beam, second beam 
shape re-form means for reforming the beam 
shape of the second light beam, and a polarizing 
beam splitter coupled to receive a first light beam 
outputted from the first beam shape re-form means 
and a second beam outputted from the second 
beam shape re-form means which has the polariz- 
ing plane inclined by 90 degrees relative to the first 
beam. A synthesized light outputted from the po- 
larizing beam splitter is supplied to an optical guide 
such as an optical fiber to pump a laser rod to 
thereby generate a laser light. Incidentally, the syn- 
thesized light outputted from the polarizing beam 
splitter may be supplied to an optical fiber through 



an optical system for converging a light. 

The present invention constructed as described 
above reforms the beam shapes of light beams and 
supplies the re-formed light beams to an optical 

5 guide such as an optical fiber, whereby an optical 
guide of a short spot diameter can be employed. 

The first and second light beams are syn- 
thesized by the polarizing beam splitter in a state 
where the polarizing planes thereof are different by 

10 90 degrees with each other and led to the optical 
fiber, thereby generating a laser light of a short 
spot diameter as well as a synthesized light with an 
improved power density. 

The above and other objects, features, and 

75 advantages of the present invention will become 
apparent from the following detailed description of 
illustrative embodiments thereof to be read in con- 
junction with the accompanying drawings, in which 
like reference numerals are used to identify the 

20 same or similar parts in the several views. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram illustrating a side 
25 pumping method; 

FIG. 2 is a schematic diagram illustrating an end 
pumping method; . 

FIG. 3 is a schematic diagram showing how a 
laser light is pumped by using a fiber optics 
30 bundle; 

FIG. 4 is a block diagram illustrating a laser 
apparatus in which the present invention is im- 
plemented; 

FIG. 5 is a block diagram illustrating a first 
35 embodiment of a laser source according to the 
present invention; 

FIG. 6 is a schematic diagram illustrating a spot 
of a light beam emitted onto an end face of an 
optical fiber in the first embodiment of the 
40 present invention; 

FIG. 7 is a block diagram illustrating a second 
embodiment of a laser light source of the 
present invention; 

FIG. 8 is a block diagram illustrating an arrange- 
45 ment of a third embodiment of the laser light 
source according to the present invention; 
FIG. 9 is a diagram illustrating spots of light 
beams on an end face of an optical fiber used in 
the third embodiment of the present invention; 
so and 

FIG. 10 is a diagram illustrating an arrangement 
of a fourth embodiment of the laser light source 
according to the present invention. 

55 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will now be described in 



5 



EP0 468 319 A1 



6 



detail with reference to the accompanying draw- 
ings. 

FIG. 4 illustrates a laser apparatus 20 in which 
the present invention is implemented, .where like 
parts corresponding to those of FIG. 3 are marked 
with the same reference numerals and therefore 
need not be described. In brief, in this embodi- 
ment, laser lights emitted from laser light sources 
21 A - 21 N are converged to generate a pumping or 
exciting light. 

FIG. 5 illustrates a part of the laser light source 
employed in a first embodiment of the present 
invention. As shown in FIG. 5, each of the laser 
light sources 21 A - 21 N shown in FIG. 4 has laser 
diodes 22A and 22B for emitting light beams LA 
and LB having an intensity of, for example, 1 W. In 
this embodiment, the laser diodes 22A and 22B are 
disposed such that the directions of stripes for 
emitting lights are both oriented in parallel with the 
surface of the sheet of drawing and the optical 
axes of the optical beams LA and LB are per- 
pendicular to each other. Thus, the light beams LA 
and LB emitted from the laser diodes 22A and 22B 
are such that the polarizing planes thereof are in 
parallel to the surface of the sheet of drawing as 
indicated by arrows a and b and the beam shape 
thereof is an ellipsoid where the respective beams 
extend over an angle of, for example, approxi- 
mately 10 degrees in the direction parallel to the 
surface of the sheet of drawing and over 30 de- 
grees in the direction vertical to the same. 

On the optical axes of the respective laser 
diodes 22A and 22B, there are disposed coliimator 
lenses 23A and 23B, respectively, to convert the 
light beams LA and LB to parallel light beams. 
Further, on the optical axes of the collimator lenses 
23A and 23B, there are disposed anamorphic 
prisms 28A and 28B respectively composed of two 
prisms 25A, 25B and 26A, 26B mounted on glass 
substrates 24A, 24B. These anamorphic prisms 
28A and 28B re-form each of the shapes of the 
light beams LA and LB from a flat ellipse to an 
ellipse close to a circle. Incidentally, when the 
magnifications of the anamorphic prisms 28A and 
28B were selected to be approximately 2.5, the 
beam shapes of the light beams LA and LB were 
changed from the flat ellipse to the ellipse close to 
a circle. 

On the optical axis of the anamorphic prism 
28A there is disposed a half-wave plate 30 with the 
a polarizing plane thereof being inclined by 45 
degrees relative to the light beam LB, whereby the 
polarizing plane of the light beam LB is offset by 
90 degrees from the polarizing plane of the light 
beam LA. 

Thus, generated are the light beam LB having 
an elliptic beam shape close to a circle and the 
polarizing plane oriented vertical to the surface of 



the sheet of drawing and the laser beam LA having 
an elliptic beam shape close to a circle in a man- 
ner similar to the light beam LB and the polarizing 
plane and the optical axis perpendicular to those of 
5 the light beam LB. 

Further, on the optical axis of the anamorphic 
prism 28A and the half-wave plate 30, there is 
disposed a polarizing beam splitter (PBS) 32 at a 
position where the optical axes of the light beams 

w LA and LB cross so as to synthesize the light 
beams LA and LB. 

The polarizing beam splitter 32 has the prop- 
erties of transmitting a p-wave but reflecting an s- 
wave. It will be understood that the light beam LA 

75 is transmitted through the polarizing beam splitter 
32 while the light beam LB, the optical axis of 
which is perpendicular to that of the light beam LA, 
is polarized by 90 degrees by the polarizing beam 
splitter 32, whereby a synthesized light LL is gen- 

20 erated by coinciding the optical axes of the light 
beams LA and LB with each other. 

The light LL thus synthesized by coinciding the 
optical axes of the light beams LA and LB and 
shaped in an ellipse close to a circle, exhibits a 

25 light intensity approximately double that of the light 
beam LA or LB and accordingly a higher power 
density compared with the light beams LA and LB. 

In addition, since the two light beams LA and 
LB having their polarizing planes perpendicular to 

30 each other are synthesized by the polarizing beam 
splitter 32, the synthetic light LL can be generated 
while effectively avoiding the interference between 
the two light beams LA and LB. 

FIG. 6 illustrates a beam spot shape on an end 

35 surface of an optical fiber connected to an optical 
connector 37 shown in FIG. 5. The respective 
beam spots of the light beams LA and LB are 
formed in a substantially identical region on the 
end surface of the optical fiber. 

40 For generating a synthesized light by two laser 
lights, the polarizing planes of which are perpen- 
dicular to each other, which are incident to the 
polarizing beam splitter 32, a method may be 
thought where two laser lights, the polarizing 

45 planes of which are perpendicular to each other, 
are generated at first and thereafter the beam 
shapes thereof are re-formed to be an ellipse close 
to a circle. 

Nevertheless, the anamorphic prism generally 
so has the characteristic of changing the transmittance 
in accordance with polarizing planes. Specifically, 
the anamorphic prisms 28A, 28B exhibit substan- 
tially 100% of transmittance for a polarizing plane 
parallel to the surface of the sheet of drawing while 
55 produce a loss of approximately 1 0% for a polariz- 
ing plane vertical to the surface of the drawing 
paper. For this reason, after the beam shape has 
been re-formed, the polarizing plane is polarized 
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by 90 degrees through the half-wave plate 30 to 
thereby generate the synthetic light LL presenting 
a large power density. 

Then, the synthesized light LL is converted to a 
parallel light by relay lenses 34 and 35 and led to a 
collimator lens 36, whereby eclipse of the syn- 
thesized light LL is avoided. 

The collimator lens 36 converges the incident 
synthesized light LL and leads the same to the 
optical connector 37, whereby the synthesized light 
LL is incident to an optical fiber connected to the 
optical connector 37. The synthesized light LL can 
be thus efficiently led to optica! fibers 40A - 40N of 
a short diameter (see FIG. 4) through the optical 
system composed of the relay lenses 34, 35 and 
collimator lens 36. 

In the present embodiment, the magnification A 
of the anamorphic prisms 28A and 28B is selected 
to be 2.5 so as to reform the shape of the light 
beams LA and LB from a flat ellipse to an ellipse 
close to a circle, thereby reducing the spot size of 
the synthesized light LL when it is incident to the 
optical fiber. 

The present embodiment employs the laser 
diodes 22A and 22B, the stripe width of which is 
200 um to synthesize the light beams LA and LB 
emitted from the laser diodes 22A and 22B. Also, 
the anamorphic prisms 28A and 28B provide a 
reduced size of the spot on the end surface of the 
optical fiber connected to the optical connector 37. 
More specifically, with the magnification A selected 
to be 2.5, as mentioned above, the spot size is 
reduced as given by the following equation: 

200 um/A = 200 um/2.5 = 80 urn 



Thus, the synthesized light LL having the spot 
size reduced to 80 urn is supplied to the optical 
fiber, the diameter of which is 100 urn. It is there- 
fore possible to provide a light density several 
times higher as compared with a case where the 
synthetic light LL is directly incident to an optical 
fiber with the diameter of 200 urn. 

The optical fibers 40A - 40N shown in FIG. 4 
form a bundle so as to converge the synthesized 
lights LL emitted from the respective laser light 
sources 21 A - 21 N and pump the laser rod 12 on 
the end surface thereof by the converged syn- 
thesized light. The laser rod 12 can be thus 
pumped on the end surface thereof by the syn- 
thesized light LL having a short spot diameter and 
an improved power density, whereby the laser light 
L0 correspondingly having a short spot diameter 
and a large light intensity is emitted. 

In the present embodiment, the laser diodes 
22A and 22B constitute first and second light sour- 
ces for emitting the first and second light beams 



LA and LB respectively having a predetermined 
polarizing plane. The anamorphic prisms 28A and 
28B in turn constitute first and second beam shape 
re-forming means for re-forming the shape of the 
5 first and second light beams LA and LB. Also, the 
relay lenses 34, 35 and the collimator lens 36 
constitute an optical system for converging the 
synthesized light LL outputted from the polarizing 
beam splitter 32 and leading the converged syn- 
/o thesized light to the optical fiber. 

According to the above described structure, the 
light beams LA and LB having the beam shapes re- 
formed and the polarizing planes perpendicular to 
each other are synthesized by the polarizing beam 

75 splitter 32 and then led to the optical fiber through 
a predetermined optical system, thereby making it 
possible to provide a laser light having a shorter 
spot diameter and an improved power density. 
FIG. 7 illustrates a laser light source of a sec- 

20 ond embodiment of the present invention, where 
like parts corresponding to those of FIG. 5 are 
marked with the same reference numerals. A laser 
light source, generally indicated by 40 in FIG. 7, 
emits a synthesized light LL to an optical connector 

25 37. A laser rod is pumped by the synthesized light 
LL to emit a laser light. 

More specifically, the laser light source 40 has 
prisms 25A, 25B and 26A, 26 B respectively con- 
stituting anamorphic prisms 28A, 28B, the half- 

30 wave plate 30 and the polarizing beam splitter 32 
mounted on a glass substrate 41, whereby the 
overall size of the light source is reduced. 

Further, the prism 26A, the polarizing beam 
splitter 32, the half-wave plate 30 and the prism 

35 26B are integrated on their light incident and emit- 
ting faces, which are parallel to each other by 
abutting, contacting, etc., whereby the size of the 
glass substrate 41 is reduced and accordingly the 
overall size of the laser light source 40 is further 

40 reduced. If the prisms 26A, 26B, the half-wave 
plate 30 and the polarizing beam splitter 32 are 
thus integrally formed by bonding or the like, a 
coating process for preventing reflection can be 
removed on the contacting surfaces of the the 

45 prisms 26A, 26B, the half-wave plate 30 and the 
polarizing beam splitter 32, thereby making it pos- 
sible to provide the laser light source 40 of a 
correspondingly simple structure as a whole. Such 
reduction of the overall size of the laser light 

so source 40 by mounting the prisms 25A, 25B and 
26A, 26B, the half-wave plate 30 and the polarizing 
beam splitter. 32 on the single glass substrate 41 
also results in reducing the optical path from the 
laser diodes 22A, 22B to the optical connector 37. 

55 It is therefore possible to effectively avoid ex- 
tension of the light beams LA and LB, whereby the 
eclipse of the synthesized light LL can be effec- 
tively avoided even without the relay lenses 34 and 
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35 to converge the synthesized light LL on the 
optica! connector 37. Accordingly, a correspond- 
ingly simpler and smaller-sized laser light source 
40 can be provided. 

In the present embodiment of FIG. 7, the relay 
lenses 34, 35 and collimator lens 36 are replaced 
with a converging lens 44 for coupling an optical 
fiber which converges the synthesized light LL on 
the optical connector 37, whereby a much simpler 
and smaller-sized laser light source 40 is provided. 

The converging lens 44 for coupling an optical 
fiber constitutes an optical system for the light 
convergence, which converges the synthetic light 
LL outputted from the polarizing beam splitter 32 
and leads the same to an optical fiber. 

According to the structure shown in FIG. 7, the 
prisms 25A, 25B, 26A and 26B, the half-wave plate 
30 and the polarizing beam splitter 32 are mounted 
on the single glass substrate 41 and the opposing 
surfaces thereof are brought into contact by the 
bonding-process, whereby a much simpler and 
smaller-sized laser light source 40 can be provided 
in addition to the effects produced by the first 
embodiment. 

While the second embodiment shown in FIG. 7 
has been discussed for the case that, after the light 
beams LA and LB, the polarizing planes of which 
are parallel to the surface of the sheet of drawing, 
are respectively emitted from the laser diodes 22A 
and 22B, the polarizing plane of the light beam LB 
is polarized by 90 degrees by the half-wave plate 
30 through the anamorphic prisms 28A, 28B, the 
present invention is not limited to this specific 
embodiment. Alternatively, after the light beams LA 
and LB, the polarizing planes of which are vertical 
to the surface of the sheet of drawing, are respec- 
tively emitted from the laser diodes 22A and 22B, 
the polarizing plane of the light beam LA may be 
polarized by 90 degrees with respect to the polariz- 
ing plane of the light beam LB by the half-wave 
plate 30. 

Also, instead of emitting from the laser diodes 
22A and 22B the light beams LA and LB, the 
polarizing planes of which are coincident with each 
other, the laser diode 22B and the anamorphic 
prism 28B may be disposed with inclination of 90 
degrees therebetween, whereby the half-wave plate 
30 may be removed. 

FIG. 8 illustrates a third embodiment of the 
laser light source of the present invention, where 
like parts corresponding to those shown in FIG. 5 
are marked with the same reference numerals. In 
the embodiment shown in FIG. 8, the half-wave 
plate 30 shown in FIG. 5 is removed, a laser diode 
22B emits a laser beam in an elliptic shape which 
extends over approximately 10 degrees in the di- 
rection perpendicular to the surface of the sheet of 
drawing indicated by c and over approximately 30 



degrees in the direction parallel to the same, and 
an anamorphic prism 28B is deviated by 90 de- 
grees about the optical axis. 

Therefore, similarly to the first embodiment 
5 shown in FIG. 5, the polarizing plane of a light 
beam LA (p-polarizing light) from the laser diode 
22A is perpendicular to the polarizing plane of a 
light beam LB (p-polarizing light) from the laser 
diode 22B. The shapes of these light beams LA, 

w LB are reformed respectively by anamorphic 
prisms 28A, 28B in an ellipse close to a circle and 
then synthesized by a polarizing beam splitter 32. 
It will therefore be understood from FIG. 9 that 
elliptic beam spots SPa, SPb of the light beams 

is LA, LB on an end surface of an optical fiber con- 
nected to an optical connector 37 have the major 
axes substantially perpendicular to each other. In 
the laser light source shown in FIG. 5, on the 
contrary, beam spots SPa, SPb of the light beams 

20 LA, LB on the end surface of the optical fiber 
connected to the optical connector 37 have the 
major axes oriented in the same direction as shown 
in FIG. 6. The rest of the structure shown in FIG. 8 
is the same as the embodiment shown in FIG. 5. 

25 The third embodiment shown in FIG. 8 is ad- 
vantageous over the embodiment shown in FIG. 5 
in that a speckle noise (modal noise) due to the 
optical fiber is reduced, and the half-wave plate is 
not needed to thereby further simplify the structure. 

30 Next, the speckle noise (modal noise) will be 
discussed. The speckle noise (modal noise) am 2 is 
given by: 

am 2 = {Fc 2 /(Fc 2 + 2Fs 2 )}'{(1-P)/P}/Np 

35 

where Fc represents a fiber bandwidth, Fs a laser 
line width, P a coupling efficiency, and Np a num- 
ber of pumping modes. It will be understood from 
the above equation that the third embodiment 

40 shown in FIG. 8 reduces the speckle noise (modal 
noise) since the number of pumping modes is 
increased, as compared with the embodiment 
shown in FIG. 5. 

While the above embodiments have been dis- 

45 cussed for the case that the synthesized light LL 
with the same wavelength is converged by the 
optical fibers, the present invention is not limited to 
this specific case. Alternatively, it is possible that, 
after a synthesized light may be generated from 

so light beams with different wavelengths from each 
other by the aforementioned laser light source, it is 
converged, for example, by a dichroic mirror and 
led to an optical fiber. 

FIG. 10 illustrates a fourth embodiment of the 

55 present invention in which respective laser light 
sources 50, 51, 52 are constructed in the same 
manner as the laser light sources employed in the 
above-mentioned embodiments. More specifically, 
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light beams emitted from a couple of laser diodes 
are synthesized by a polarizing beam splitter, and 
synthetic light LL1, LL2, LL3, respectively having 
wavelengths of 780 nm, 810 nm, 830 nm are 
generated. 

The synthesized lights LL1, LL2, LL3 are fur- 
ther synthesized through a mirror 54 and dichroic 
mirrors 55, 56 such that the optical axes of the 
respective synthesized lights LL1, LL2, LL3 are 
coincident with one another. 

With such a structure, it is possible to generate 
the synthesized lights LL1 , LL2, LL3 having shorter 
beam diameters and larger light quantities as com- 
pared with the prior art as well as supply syn- 
thesized lights respectively having a different 
wavelength to a single optical fiber. 

While the above embodiments have been de- 
scribed for the case that a predetermined laser rod 
is pumped to generate a laser light, the present 
invention is not limited to such specific embodi- 
ments and the synthesized laser light emitted from 
the laser light source can be widely applied to a 
laser printing, a laser soldering, a laser machining, 
a laser scalpel, or the like. 

While several preferred embodiments of the 
present invention have been described in detail 
hereinabove, many modifications and variations 
thereof would be apparent to those skilled in the art 
without departing from the scope or spirit of the 
present invention, which is to be defined by the 
appended claims. 

Claims 

1. A laser light source comprising: 

a first light source (22A) for emitting a first 
light beam (LA); 

a second light source (22B) for emitting a 
second light beam (LB); 

first beam shape re-form means (28A) for 
re-forming the beam shape of said first light 
beam (LA); 

second beam shape re-form means (28B) 
for re-forming the beam shape of said second 
light beam (LB); 

polarizing means (30) for polarizing said 
light beams such that the polarizing plane of 
the light beam emitted from said first beam 
shape re-forming means (28A) is oriented at an 
angle of 90 degrees with the polarizing plane 
of the light beam emitted from said second 
beam shape re-forming means (28B); and 

synthesizing means (32) for synthesizing a 
light beam outputted from said first beam 
shape re-form means (28A) and a light beam 
outputted from said polarizing means (30) 
which is supplied thereto with an incident an- 
gle deviated by an angle of 90 degrees relative 



to the incident angle of said first light beam 
(LA). 

2. A laser light source according to claim 1, 
5 wherein said first and second beam shape 

reform means (28A, 28B) are anamorphic 
prisms (25A, 26A; 25B, 26B). 

3. A laser light source according to claim 1, 
10 wherein said beam synthesizing means is a 

polarizing beams splitter (32). 

4. A laser light source according to claim 1, 
wherein the polarizing plane of said second 

75 light source (22B) for emitting the second light 

beam (LB) is the same as the polarizing plane 
of said first light source (22A) for emitting the 
first light beam (LA). 

20 5. A laser light source according to claim 1, 
wherein said polarizing means is a halfwave 
plate (30). 

6. A laser light source according to claim 1 fur- 
25 ther comprising an optical system (34, 35) for 
converging the synthetic light beam (LL) out- 
putted from said beam synthesizing means 
(32). 

30 7. A laser light source according to claim 6, 
wherein said beam converging optical system 
comprises a relay lens (34, 35). 

8. A laser light source according to claim 6, 
35 wherein the light beam (LL) outputted from 

said beam converging optical system (34, 35) 
is supplied to an optical guide. 

9. A laser light source according to claim 8, 
40 wherein said optical guide is an optical fiber 

(40). 

10. A laser light source according to claim 9, 
wherein a plurality of said optical fibers (40A - 

45 40N) are bundled to form a single light source. 

11. A laser light source according to claim 1, 
wherein said first and second beam shape re- 
form means (28A, 28B), said polarizing means 

50 (30) and said beam synthesizing means (32) 
are mounted on a single substrate (41). 

12. A laser light source according to claim 11, 
wherein the beam emitting surface of said first 

55 beam shape re-form means (26A) is formed 
integrally with the corresponding beam inci- 
dent surface of said beam synthesizing means 
(32). 
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13. A laser light source according to claim 11, 
wherein the beam emitting surface of said po- 
larizing means (30) is formed integrally with 
the corresponding beam incident surface of 
said beam synthesizing means (32). 

14. A laser light source according to claim 13, 
wherein the beam emitting surface of said sec- 
ond beam shape re-form means (28B) is 
formed integrally with the corresponding beam 
incident surface of said polarizing means (30). 

15. A laser light source comprising: 

a first light source (22A) for emitting a first 
light beam (LA); 

a second light source (22B) for emitting a 
second light beam (LB), the polarizing plane of 
which is different by an angle of 90 degrees 
relative to the polarizing plane of said first light 
beam; 

first beam shape re-form means (28A) for 
re-forming the beam shape of said first light 
beam (LA); 

second beam shape re-form means (28B) 
for re-forming the beam shape of said second 
light beam (LB); and 

beam synthesizing means (32) for syn- 
thesizing a light beam (LL) outputted from said 
first beam shape re-forming means and said 
second light beam supplied with an incident 
angle different by 90 degrees relative to that of 
said first light beam. 

16. A laser light source according to claim 15, 
wherein said first and second beam shape re- 
form means are anamorphic prisms (25A, 26 A; 
25B, 26B). 

17. A laser light source according to claim 15, 
further comprising an optical system (44) for 
converging the synthesized light beam output- 
ted from said beam synthesizing means (32). 

18. A laser light source according to claim 15, 
wherein said beam converging optical system 
comprises a relay lens (34, 35). 

19. A laser light source according to claim 17, 
wherein the light beam (LL) outputted from 
said beam converging optical system (44) is 
supplied to an optical guide. 

20. A laser light source according to claim 19, 
wherein said optical guide is an optical fiber 
(40). 

21. A laser light source according to claim 20, 
wherein a plurality of said optical fibers (40A - 



40N) are bundled to form a single light source. 

22. A laser light source according to claim 15, 
wherein said first and second beam shape re- 

5 form means (28A, 28B) and said beam syn- 

thesizing means (32) are mounted on an iden- 
tical substrate (41). 

23. A laser light source according to claim 22, 
w wherein the beam emitting surface of said first 

beam shape re-form means (28A) is formed 
integrally with the corresponding beam inci- 
dent surface of said beam synthesizing means 
(32). 

15 

24. A laser light source according to claim 22, 
wherein the beam emitting surface of said sec- 
ond beam shape re-form means (28B) is 
formed integrally with the corresponding beam 

20 incident surface of said beam synthesizing 
means (32). 

25. A solid-state laser device comprising: 

a first light source (22A) for emitting a first 
25 light beam (LA); 

a second light source (22B) for emitting a 
second light beam (LB); 

a first beam shape re-form means (28A) 
for re-forming the beam shape of said first light 
30 beam; 

a second beam shape re-form means 
(28B) for re-forming the beam shape of said 
second light beam; 

polarizing means (30) for polarizing a light 
35 beam outputted from said second beam shape 

re-form means (28B) such that the polarizing 
plane of the light beam emitted from said 
second beam shape re-forming means is ori- 
ented at an angle of 90 degrees relative to the 
40 polarizing plane of a light beam emitted from 
said first beam shape re-forming means (28A); 

synthesizing means (32) for synthesizing 
the light beam outputted from said first beam 
shape re-form means (28A) and a light beam 
45 outputted from said polarizing means (30) 
which is supplied thereto with an incident an- 
gle different by an angle of 90 degrees relative 
to the incident angle of said first light beam; 
and 

50 an optical fiber (40) which is supplied with 

a light beam outputted from said beam syn- 
thesizing means (32); 

wherein a light beam (LL) outputted from 
said optical fiber is supplied to a laser medium 

55 to generate a laser light. 

26. A solid-state laser device comprising: 

a first light source (22A) for emitting a first 
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light beam (LA); 

a second light source (22B) for emitting a 
second light beam (LB), the polarizing plane of 
which is different by an angle of 90 degrees 
relative to the polarizing plane of said first light 5 
beam; 

first beam shape re-form means (28A) for 
re-forming the beam shape of said first light 
beam (LA); 

second beam shape re-form means (28B) w 
for re-forming the beam shape of said second 
light beam (LB); 

beam synthesizing means (32) for syn- 
thesizing a light beam outputted from said first 
beam shape re-form means (28A) with said rs 
second light beam (LB) which is supplied with 
an incident angle different by an angle of 90 
degrees relative to the incident angle of said 
first light beam; and 

an optical fiber (40) which is supplied with 20 
a light beam outputted from said beam syn- 
thesizing means (32), 

wherein a light beam outputted from said 
optical fiber (40) is supplied to a laser medium 
to generate a laser light. 25 
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